seems to be increased when gonadotropin treatment is applied.
Summary
Routinely employed reproductive techniques such as gonadotropin treatment (0'3 mg folliclestimulating hormone (FSH) subcutaneously twice daily for three consecutive days) followed by natural mating or artificial insemination as well as induction of ovulation by human chorionic gonadotropin (hCG) (75 i.u. hCG intravenously) were analysed in the rabbit after 2 years of consecutive experiments. 85% of gonadotropin-treated animals mated spontaneously. All 222 FSH-primed donor rabbits and 59 hCG-injected non-primed controls ovulated. The average number of ovulations per female was 30 (FSH and hCG) and 7,4 (hCG only). The fertilization rate was 88%, and 22·7 embryos were recovered per FSH-treated donor rabbit. With increasing time after mating the embryo recovery rate decreased (day 1 post coitum (p.c.), 36 embryos per rabbit; day 3 p.c., 26 embryos per rabbit; day 5 p.c., 16 embryos per rabbit) and a higher percentage of females had no embryos recovered. Embryo recovery was poor in donors with ovulation numbers greater than 40. Artificial insemination of nonreceptive females yielded smaller numbers of embryos compared with natural mating. Differences in fertility between the seasons of the year was revealed to be small.
We conclude that gonadotropin treatment is efficient in increasing the number of embryos.
Management of laboratory rabbits (dating, mating and expected number of embryos) is more predictable, and experiments can be performed successfully in all seasons of the year. However, the incidence of embryonic mortality Research on mammalian embryos has become increasingly important in basic and applied reproductive biology and medicine. New infertility therapies such as in vitro fertilization and embryo transfer (IVF-ET) have been developed. Today IVF-ET is offered by many clinics which demand mammalian embryos for research as well as for quality control of culture media and conditions. Furthermore, increasing attention is drawn to the embryo as a target of environmental hazards. Consequently, embryo toxicology and pharmacology have been established as fields of their own and contribute noticeably to our understanding of early embryonic development, metabolism and mortality.
For various reasons rabbit embryos are widely used in experimental embryology and reproductive medicine. The rabbit is one of the few species in which ovulation is induced by mating or hormonal stimulation, thus allowing an exact timing of reproductive events on the one hand (Fischer et al., 1985) and adjustment of animal work to experimental conditions as well as to usual working hours on the other hand. In addition, the blastocyst diameter, the cell number and the metabolic activity are higher in this species than in comparable stages of most other laboratory animals.
Various biotechniques
are routinely used to secure and increase production of embryos and to make management of laboratory rabbits more calculable. In order to provide realistic data for calculations, the results obtained in consecutive experiments over a 2 year period are presented. Exogenous ovarian stimulation by treatment with follicle-stimulating hormone (FSH), hormonal induction of ovulation by chorionic gonadotropin and artificial insemination were analysed in donor rabbits with regard to embryo recovery during 5 days of the pre-implantation period and for the various seasons of the year. Commercially available non-specified crossbred rabbits were used for this study.
Materials and methods

Experimental animals, housing and feeding
A total of 281 sexually mature female rabbits were purchased from two rabbit farms and used for various embryological investigations (Fischer, Winterhager & Busch, 1986; Fischer, 1987; lung, Fischer & Beier, 1987) . The rabbits were outbred stocks or crossbreds. Their body weights ranged from 2 to 4 kg. All animals were maintained and fed in the same way. They were housed individually in metal cages on perforated sheets of dimensions 32 cm X 54 em in air-conditioned rooms (25°C, 45% r.h.) under a 12 h light-12 h dark cycle (average light intensity, 45 ± 10 Ix (x ± SEM); variation range from 10 to 100 Ix depending on the flat deck). Artificial light was on from 07.00 to 19.00 h. Pelleted commercial diet (Ovator: Solikanin SK, Muskator, Di.isseldorf; 16·5% crude protein, 2·5% crude fat, 16% crude fibre, vitamin A, 03 and E supplements) was restricted to about 125 g once daily. Water was supplied ad libitum by nipple watering.
In most cases rabbits were kept for at least 16 days before treatment for adaptation and exclusion of pseudopregnancy (Fischer et al., 1985; Fischer, Winterhager & Busch, 1986) . Males (crossbreds of the same origin) were housed in larger cages (54 cm x 75 cm) but
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Gonadotropin treatment
Superovulation was induced in 222 does by 0·3 mg pituitary FSH (FSH-P: Burns Biotec, Omaha, NB, USA) applied subcutaneously twice daily for three consecutive days (total dose, 1·8 mg per doe). Injections were given in the morning and evening with a minimum interval of 8 h. 13-16 h after the final evening priming injection of FSH, rabbits were mated twice with bucks of proven fertility.
Artificial insemination
Females who refused to mate were artificially inseminated.
Fresh ejaculates were collected from at least two fertile males using a Waltontype artificial vagina (Adams & Dott, 1966; Adams, 1972) (Fig. 1 ). Semen was examined under light microscopy immediately after collection and only ejaculates of sufficient sperm motility and density were used. Ejaculates were pooled and diluted according to density, mostly 1:2, with a diluent (pH 7·6) containing 360 mM Tris, 33·3 mM glucose, 113·7 mM citric acid and 6% (vol.!voL) dimethylsulphoxide. Egg yolk, penicillin and streptomycin were added to give a final concentration of 5% (vol.! voL), 0·01 % (wt/voL) and 0·05% (wt/voL) respectively. Sperm handling was performed at room temperature.
For insemination about 0·5 ml of undiluted or diluted semen was deposited precervically using a glass pipette (Adams & Dott, 1966; Adams, 1972) (Fig. 1 ).
induction of ovulation
Ovulation was induced in all gonadotropintreated mated or artificially inseminated rabbits and in 59 non-primed unmated rabbits by an intraveneous injection of 75 i.u. human chorionic gonadotropin (hCG) (Prolan: Bayer, Leverkusen) into the V. auricularis lat.
Embryo recovery and counting of ovulations
The females were killed by a rapid intravenous injection of 2 ml embutramide, mebezonium- 1-5 days post coitum (p.c.) or post injectionem hCG (p.hCG). The genital tract was excised in toto and oviducts and/or uteri were flushed with B5M medium (Maurer, 1978) containing 0·1 % BSA. Flushings were examined for embryos and unfertilized oocytes using a stereomicroscope (Wild M8: Wild, Heerbrugg, Switzerland) (magnification 6-50 x ) and the embryonic morphology was recorded. On day 3 p.c. more than 90% of embryos were found in the oviduct while on day 4 p.c. they had moved to the uterus.
Effects of biotechniques on reproduction in the rabbit
Ovulation points or corpora lutea were counted in isolated ovaries. A high percentage of the studied ovaries exhibited ovulations of more than 20. Such high numbers of ovulations are no longer accurately macroscopically countable and were computed as 20 ovulations. Therefore, in reality the number of ovulations in FSH-treated rabbits is higher than the numbers given in Tables 1, 2, 4 and 5.
Statistical analyses
Differences between mated and inseminated rabbits, between days 1-5 p.c. and between the four seasons of the year were assessed by means of X 2 and multiple t-tests (Weber, 1967) .
Results
Six (3%) of 222 FSH-primed rabbits had to be excluded from the study owing to purulent infections of the genital tract or to juvenility.
Ovulation was found in all rabbits studied. In general, 85% of the hormonally stimulated does mated and fertilization of at least one oocyte was found in 88% of the females. Ovulation data for mated and inseminated FSHtreated rabbits and for non-primed controls are given in Table 1 . Whereas less than eight ovulations per animal were recorded in control rabbits, about 30 were found in treated does (P < 0-001). The ovulation response did not differ statistically significantly between mated and hCG-injected rabbits on the one hand and
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inseminated and hCG-treated females on the other.
In more than 50% of FSH-primed rabbits more than 30 follicles ruptured ( Table 2) . These females yielded about two-thirds of the embryos available for experiments.
The relative percentage of embryo recovery, however, declined with higher ovulation numbers, and this was most pronounced in the group with more than 40 ovulations per rabbit in which less than 55% of the prospective embryos were found (P < 0·05) ( Table 2 ).
The average response of about 30 ovulations is contrasted by 22·7 and 15·5 recovered embryos in mated and inseminated rabbits respectively (Table 3) . Thus 25%-50% of ovulations are not represented by embryos in superovulated females. This is most probably attributable to early embryonic mortality. Technical inefficiency is not considered to account for this gap because, in cases of discrepancy between ovulations and embryo recovery, oviducts as well as uteri were carefully examined for embryos, including repetition of the flushing procedure.
Differences between mated and inseminated In all rabbits studied Only in rabbits with conception " versus b, P > 0.05. rabbits become less pronounced if the high percentage of does without any recovery in inseminated rabbits (five out of 19 (26%)) is excluded from the calculations (Table 3) . However, chances for a substantial and secure embryo recovery are clearly higher if donor rabbits accept mating after FSH treatment.
In Table 4 ovulation response and embryo recovery are specified for 5 days of the preimplantation period in the rabbit. Although data for ovulations and embryo recovery differed on the various days, statistical analysis did not prove any significant differences, in some cases probably because of the small number of observations. The number of embryos recovered per donor rabbit decreased notably with increasing time interval p.c. (Table 4 and Fig. 2 ). Representation of ovulations by embryos was reduced from day 3 p.c. onwards, while the percentage of rabbits in which no embryos were found increased (Fig. 2 ). 9 Table 4 documents the large variation (1-71) in the number of embryos obtained after FSH treatment. The highest recovery observed in our laboratory has been 96 from 1 female.
In the present study effects of season on reproduction in FSH-primed laboratory rabbits were found but were not statistically significant (Table 5 ). Conception after mating or insemination was lowest in the winter months and fewer females accepted males in the summer and autumn months. Most embryos were obtained from FSH-treated rabbits in spring. Exceptionally low numbers of embryos were recovered from inseminated does in autumn (P < 0·05). However, the figures for inseminated rabbits may change if higher numbers of observations are available. It must be emphasized that the yield of embryos averaged more than 20 per female in all seasons. It is therefore reasonable to conclude that FSH treatment of donor rabbits followed by spontaneous mating aThe number of ruptured follicles was not countable with certainty in all cases and was reo vealed to be higher than stated (compare number of recovered embryos per rabbit). Table 6 for days 1-5 p.c. Remarkable variations within donors as well as within the progeny of one female on one individual day p.c. was observed. Such findings, however, also apply to non-treated rabbits.
Discussion
Stimulation of follicular development by FSH followed by mating and injection of heG is a reliable and efficient method of substantially increasing the number of pre-implantation "Data for non-FSH-treated controls in parentheses.
" versus c, P < 0·05; all other comparisons, P > 0·05. (Table 5 ). However, embryo recovery at various days of the pre-implantation period differed from 35·7 embryos per rabbit (day 1 p.c.) to 15·7 embryos per rabbit (day 5 p.c.) (Table 4 and Fig. 2) , probably owing to an increased embryonic mortality at later stages p.c.
Before discussing reproduction data in detail, it must be emphasized that only nonspecified crossbred rabbits from commercial rabbit farms were used in the present study. These animals were found to be suitable and only a low percentage of loss was recorded. We feel that it is important, for hygienic reasons for example, to receive rabbits from the same source. Most attention, however, has to be paid to minimum requirements according to age or maturity of the animals (Kennelly & Foote, 1965; Prins & Fox, 1984) . From our experience weight is an inaccurate criterion for sexual maturity.
In some experiments the 16-day adaptation phase to the conditions in our animal house could not be conceded for new rabbits. Results obtained in these cases were not different. Pseudopregnancy, induced during transport for example, was not noticed.
The time interval, between the two daily FSH injections does not seem to be of crucial importance. At the beginning of the experiments an interval of 10-12 h (range, 9-14 h) was carefully maintained.
However, the same results were obtained when both injections were applied during normal working hours, i.e. leaving one time interval of about 8 h.
In the present study ovulation was induced successfully in all FSH-treated rabbits. We ensured ovulation by hCG even in spontaneously mated females. Injection of hCG in addition to mating is reported to increase the number of ovulations in superovulated rabbits (Tsutsumi et at., 1980b) . Gregory (1932) noticed that a single mating was as effective in inducing ovulation as two or more. No differences in ovulation response were found between luteinizing-hormone-treated receptive and non-receptive females who refused to mate (Foote et at., 1963; Michelmann & Paufler, 1974 ) and between the left and right ovary (Gregory, 1932) . However, functional asymmetry between right and left ovaries and uterine horns has recently been reported in species like the mouse (Wiebold & Becker, 1987) and golden hamster (0 & Chow, 1987) .
The fertilization rate does not seem to be negatively affected by gonadotropin treatment (Varian, Maurer & Foote, 1967; Braun & Leidl, 1980; Tsutsumi et a/., 1980b; Adams, 1982) . Embryo mortality, however, is apparently markedly increased in surperovulated females as shown by the decrease in embryo recovery on day 4 p.c. (recovery, 64%) and day 5 p.c. (recovery, 51%) (Table 4 and Fig. 2) . These figures imply a pre-implantation loss of 35%-50% which is clearly higher than data given by Adams (1960a, b) of about 10% for untreated rabbits. In addition, they suggest that more advanced stages like blastocysts (which develop about day 3-4 p.c. in the rabbit) are more affected by embryonic mortality than early cleavage stages or morulae. The poor recovery rates at later times after mating in gonadotropin-primed females are confirmed by earlier reports (Fujimoto, Pahlavan & Dukelow, 1974; Gatze & Paufler, 1976; Braun & Leidl, 1980) . Likewise, the drop in embryo recovery in females with high numbers of ovulations (see Table 2 ) seems to be a general feature after application of gonadotropins (Kennelly & Foote, 1965) .
The increase in embryonic mortality is not unexpected as various non-physiological changes are known from gonadotropin-treated rabbits. Endometrial secretion was found to be advanced in FSH-treated females compared with pseudopregnant controls (Tucker & Schultz, 1977; Delbos-Winter, Fischer & Beier, 1987) . In contrast, embryo development was retarded, particularly if morulae and more advanced stages like blastocysts were examined (Fujimoto, Pahlavan & Duckelow, 1974; Anderson & Foote, 1975a; Braun & Leidl, 1980) , and resulted in undersized blastocysts (Hafez & Rajakoski, 1964; Anderson & Foote, 1975b; Gatze & Paufler, 1976) . Detrimental effects of gonadotropin treatment on uterine secretion and embryonic development would explain the increase in early embryonic loss, particularly in a species which is known for its strict demands on synchronization between maternal and embryonic development (Chang, 1950; Hafez, 1963; Adams, 1974; Beier, 1974) . Tsutsumi et al. (1980b) noticed an effect of gonadotropin priming on embryo transport. After preovulatory FSH treatment an increas-Fischer & Meuser-Odenkirchen ing number of embryos were expelled into the vagina from 60 hours onwards. Negative effects on the viability of embryos in gonadotropin-primed females may also be imposed by hormonal changes prior to fertilization.
Tsutsumi et al. (1980a) reported on higher peripheral progesterone concentrations at the time of mating and during the pre-implantation period in superovulated rabbits. Exogenously pre-or peri-ovulatory increased progesterone led to a higher incidence of damaged embryos up to day 4 p.c. (Allen & Foote, 1973) . Elevated progesterone levels before ovulation reduced fertilization by disturbance of sperm transport and impaired egg transport and subsequent development (Chang, 1967) . Finally, Meyer and Longo (1979) showed that aging of rabbit oocytes in vitro for 1-3 h was followed by aberrant fertilization and development. Attention has to be paid to a delay in ovulation time following stimulation of follicle growth by gonadotropins.
In the rabbit, ovulation occurs about 10 h after induction (Barry, 1839; cited by Gregory, 1932) but was found to occur later in FSH-treated does (Kennelly & Foote, 1965; Varian, Maurer & Foote, 1967) . The significance of such a delay is stressed by the observation that rabbit oocytes recovered 12 and 13 h after heG injection can be fertilized in vitro, but only the oocytes recovered after 12 h developed into viable young after transfer (Fraser & Dandekar, 1973 ). In the present study an accelerated transport of unfertilized eggs into the uterus was found on day 3 p.c. While on that day more than 90% of the fertilized oocytes were recovered from the oviducts, 72% of the unfertilized eggs had already been moved on to the uteri. For this comparison we analysed only flushings in which fertilized and unfertilized eggs were found. A retarded transport of unfertilized oocytes in the hamster has recently been reported (Ortiz et al., 1986) .
In the European wild rabbit reproduction reaches a maximum from March to June (Brambell, 1948) . While oestrus occurred in 80% of female rabbits from April to July, this percentage decreased to only 15% in October (Hammond, 1925; cited by May & Simpson, 1975) . Data from FSH-primed laboratory rabbits indicated lower numbers of ovulations in January-February and from September to December and a peak value for embryo recovery in July-August (Hahn & Gabler, 1971) . Present results revealed lower, but not statistically significantly lower, ovulation rates at the beginning and end of the year (P > 0-05) ( Table 5 ). Embryo recovery showed its maximum in spring. However, in contrast with results reported by Hahn and Gabler, differences were small and do not argue against performing experiments at any time of the year if FSH priming is involved.
Artificial insemination of rabbits which refused to mate after FSH treatment led to variable but mostly obviously poorer results (Table   3 ). In a study by Foote et al. (1963) the fertilization rates of mated and non-receptive artificially inseminated rabbits were not different. The number of does kindling and the average litter size, however, were higher in sexually receptive females. We feel that for practical reasons it is more promising to treat some surplus females, of which a few may not mate, than to consider insemination which requires equipment and may be more time consuming. Moreover, we noticed no negative results in rabbits in which the FSH-priming treatment had been repeated.
An intensively discussed question is whether embryos derived from gonadotropin-primed rabbits can be considered as 'normal' or not. Experimental findings implied an impeded post-implantation development (Polidoro & Black, 1970; Tsutsumi et at., 1980a) . In these studies, however, implantation was recorded in treated mothers, thus allowing no discrimination between the implications of overcrowding and insufficiency of maternal milieu on one hand and endogenous damage of the embryos on the other hand. Cytogenetic defects have been demonstrated (Fujimoto, Pahlavan & Dukelow, 1974; Paufler, Maurer & Geldermann, 1975) which could not be confirmed by other workers (Fechheimer & Beatty, 1974) . The findings of Shaver and Carr (1967) and Hofsaess and Meacham (1971) point to comparably high rates of chromosomal anomalies in rabbit blastocysts from primed and nonprimed females. Differences in metabolic activity and cell biology, however, still remain to be clarified.
In conclusion, we recommend FSH treatment of donor rabbits for most embryological studies. Although early embryonic mortality seems to be higher than in untreated rabbits as a result of intrinsic factors (like retarded embryonic development and eventual chromosomal anomalies) as well as extrinsic influences (endocrine constellation of the mother), the number of embryos available for experiments is increased substantially and the management of laboratory rabbits is more calculable.
